Application of lectins for mucosal glycoconjugate studies in experimental rodent colonic neoplasia. H.J. Freeman, University of British Columbia Health Sciences Center, Vancouver, B.C., Canada. Previous studies indicate that glycoproteins are altered in human colon cancer. To further examine these changes in an animal model, rats were treated with 1,2-dimethylhydrazine, an agent that induces tumors similar in distribution and histopathology to human colon neoplasia. In untreated normal rat proximal and distal colon, marked regional differences in carbohydrate content and glycosyltransferase activities were reported (Freeman et al, Cancer Research 33:3385, 1978) . Following induction of colon neoplasia, total tumor content of hexose, hexosamine and sialic acid as well as activities of some glycosyltransferases were reduced compared to untreated normal or tumor-free mucosa from carcinogen-treated rats. To localize these changes at a cellular level within rat colon, plant lectins linked to fluorescein were used as specific sugar probes (Freeman at al, Lab. Invest. 42:405, 1980) . Differences in binding to goblet cells were seen likely reflecting regional differences between proximal and distal colon goblet cell glycoproteins and changes with increasing cell differentiation. Peanut lectin labeled the supranuclear regions of epithelial cells but not goblet cell mucin suggesting that this lectin may be a marker of "incomplete" mucins. After carcinogenesis, labeling of goblet cells with most lectins was reduced in colon tumors compared to adjacent "transitional" epithelium or colon mucosa from normal rats. With peanut lectin, however, labeling was observed in mucin of colon tumors as well as in goblet cell mucin of colonic mucosa adjacent to some colon tumors. These studies indicate that: one, cellular and regional differences are present between normal proximal and distal colon; two, alterations observed in colon neoplasia reflect impaired synthesis of normal "complete" mucins; and three, peanut lectin labeling may indicate the presence of an "incomplete" or "neoplasia-associated" mucin.
Application of Lectin Stainings to Gastrointestinal Pathology. T.Katsuyama, K.Ono.Department of Pathology, Shinshu University School of Medicine, Matsumoto, Japan As reported previously, con A binding mucins were separated into four classes, namely, I,II, III and labile IQwithfivevariants of concanavalin A-horseradich peroxidase staining (Katsuyama & Spicer, J.Histochem.Cytochem.,26:233,1978) .In mammalian gastrointestinal tracts, class III mucin was found to be uniformly present in the mucous neck cells and related mucous glands,whereas class II or labile class III mucinwas consistently demonstrated in the lining epithelium, including gastric covering epithelium and intestinal goblet cells. These con A reactivities were considered as a distinguishing hallmark of each cell type. Taking advantages of this technique, the present study was undertaken to determine whether the characteristic properties of secretions in various gastric epithelial cells persisted in the carcinoma tissue.
347 surgical specimens of human gastic carcinoma were examined. Paraffin sections of these materials were stained with either paradoxical con A staining or ordinary histochemical methods.
In about 66 % cases neoplastic cells disclosed mucous neck cell-type, i.e. class III con A, reactivity and the proportion of the class III reactive cases was higher in the undifferentiated carcinoma group. Interestingly tumor cells proliferating in the mucosa frequently showed a multilaminar pattern. The upper layer was rich in class II or labile class III reactive tumor cells, and the deeper layer was exclusively occupied by class III reactive tumor cells. This finding suggests that the tumor cells retain the ability to differentiate to covering as well as glandular epithelium.
The Use of Biotin Labeled Lectin in Formalin Fixed Tissues. Su-Ming Hsu, M.D., Laboratory of Pathology, National Cancer Institute, Bethesda, Maryland, USA. Formalin-fixed paraffin embedded specimens are the most resource in the pathology laboratory. Use of lectins to label specific carbohydrate in such specimens has its potential applications to understand the carbohydrate changes associated with disease or neoplastic process. Like many protein antigens, some carbohydrate moieties might be affected by the fixation or embedding process. For example, Lens culinaris agglutinin (LCA) labels the carbohydrate associated with both B and T cell membrane in acetone-fixed frozen sections. However, the LCA reacting sugar in T cell may likely be destroyed or masked in formalin-fixed specimens. Nevertheless, invaluable information can still be obtained if a study is performed with all the tissues prepared in an identical manner. After deparaffinization, the sections are washed with buffer containing 0.1 mg/ml mouse liver powder to reduce the background staining. The sections are then treated with biotin-labeled lectin at a concentration of 0.5-2ug/ml and followed by avidin-biotin-peroxidase complex, or avidin-biotin-glucose oxidase complex or avidin-alkaline phosphatase conjugate. The final development can be performed with DAB, CN, DAB with heavy metal, AEC and others for peroxidase, fast red or blue for phosphatase or nitroblue tetrazolium for glucose oxidase. Because a variety of color is obtained, the sections can be counterstained by PAS, Alcian Blue, Mucicarmine or can be combined with a second immunohistochemical reaction for dual labeling. Thus, the use of biotin-labeled lectins in formalin-fixed tissues provides a sensitive, specific and more importantly, a flexible technique which is easy to perform.
Histochemical Detection of Sugars in Secretory Glycoproteins of Rodent and Human Sublingual
Glands with Lectin-Horseradish Peroxidase (HRP) Conjugates. B.A. Schulte, S.A. Laden and S.S. Spicer. Medical Univ. of S.C.-Charleston, S.C. Ten lectins with a wide range of binding specificities were conjugated to HRP and, in conjunction with sialidase digestion, were used for the in situ structural analysis of oligosaccharides in sublingual glands of mice, rats and man. All serous demilunes in mouse glands contained terminal a-D-Ga1NAc. In human glands of all ABO blood types, serous cells stained uniformly for terminal sialic acid and penultimateS -D-Gal. Serous cells in the rat were negative with all lectin-HRP conjugates prior to and after sialidase digestion. All mucous cells in the mouse sublingual contained oligosaccharides with terminal sialic acid and penultimate B-D-Gal. Additionally, 10-50% of these mouse cells contained either terminal D-G1cNAc or internal D-G1cNAc or mannose. Dual lectin-HRP staining revealed that these two cell populations were mutually exclusive. All rat mucous cells contained non-sulfated sialoglycoprotein, but the nature of the penultimate sugar residue remains undetermined. Heterogeneity was also present in rat mucous cells with 10-20% of these cells containing either terminald -GalNAc or L-Fuc. These two sugars occurred in separate cell populations. Mucous cells in human sublingual glands contained either sulfated or sialylated glycoprotein or both. All mucous cells in secretors of blood group substances contained terminal sugars corresponding to those in their respective blood group antigens. Thus, mucous cells in individuals with type A antigen contained terminal a-Ga1NAc (A substance) and no a-Gal (B substance), whereas the reverse held for individuals with type B antigen. Mucous cells in blood type 0 secretors contained neither. Mucous cells in secretors were stained with both LTA and UEA I, independent of ABO blood type, whereas mucous cells in non-secretors were stained with LTA but not UEA I, presumably due to the presence of Leb substance in secretors and Lea substance in glands of non-secretors.Supported by NIH Grant AM10956.
Difference of Lectin Binding Sites in
Human Pituitary Adenoma Cells. T.Hori, and Y.Saito. Division of Neurosurgery, Institute of Neurological Sciences, Faculty of Medicine, University of Tottori, Yonago, 683 Tottori, Japan. Cell surface sugar residues in human pituitary adenoma cell surface were demonstrated by using sugar specific lectins as a molecular probe. Con A and Ricinus communis Agglutinin(RCA) were conjugated with ferritin for visualization by transmission electron microscopy. The adenoma tissues were removed by transsphenoidal approach.
The tissues were dissociated by using trypsin, fixed with an aldehyde mixture and processed to reaction with conjugates. Human pituitary adenomas can be divided into hormonal functioning adenomas and non-functioning ones.
Ferritin-RCA binding sites in hormonal functioning adenoma cells were significantly increased in number when compared to those in non-functioning adenoma cells.
Hormonal functioning adenomas included prolactin producing adenomas and growth hormone producing ones.
In another experiment, intracytoplasmic organelles were stained by HRP-labeled lectins. Lectins used were Con A and RCA. In human pituitary adenoma cells, Golgi apparatus were stained by HRP-RCA, while ER, Golgi, and nuclear envelope were stained by HRP-Con A. Concerning the secretory granules, GH and PRL secretory granules were not stained by HRP-lectins. On the other hand, small granules of non-functioning adenoma cells were stained by HRP-lectins.
In conclusion, sugar residues of cell surface and secretory granules in human pituitary adenomas were different in terms of hormonal functioning state. (1974) for labeling cell surface carbohydrate. We modified this method and ascertained that this technique is applicable to demonstration of sugar moiety which react with concanavalin-A in the thin sections of plastic-embedded tissue. This technique was applied to the rat anterior pituitary and thyroid gland. In the case of the anterior pituitary, sugar moiety was detected not only on the secretory granules of the glycoprotein-producing basophils such as the thyrotrophs and gonadotrophs, but also on the secretory granules of the corticotrophs which were considered to be simple peptide-secreting cells. This result may suggest that secretory granules of corticotrophs contain the precursor or carrier of ACTH which is known to be glycoprotein. Some of the concanavalin-A reactive sugar moiety was also observed on the periphery of secretory granules of somatotrophs and mammotrophs. It has not yet certain whether such a sugar moiety may be connected with the limiting membrane of secretory granules or not. On the other hand, the sugar moiety was also found in the follicle lumen, subapical vesicles, lysosomes and cisternae of the endoplasmic reticulum in the thyroid follicular epithelial cells. These results showed that this technique is advantageous for specific demonstration of certain sugar moieties in the cell by the high-resolution electron microscopy, because the iron dextran particles are very small in size.
Comparison and joint use of the HRP-and ferritin-labeled lectins on ultrathin sections.
Masato Komuro and Toshiro Shioda, Department of Anatomy, Teikyo University School of Medicine, Itabashi, Tokyo 173, Japan.
We developed the reliable Con A-ferritin (Fer) method for localization of glycoconjugates on the ultrathin sections, and compared it with the Con A-horseradish peroxidase (HRP) method in terms of its specificity and sensitivity. Male rat anterior pituitaries were fixed with 2% glutaraldehyde without postfixation and embedded in araldite. Unconjugated ferritin has an affinity for the araldite section, which is considered to be a main reason for nonspecific binding of Con A-Fer conjugates to the section. When the sections were initially treated with 1 M sodium borofluoride (NaBF4.), a reagent to increase the negativity of the surface charge of ultrathin sections, the nonspecific binding of the ferritin was markedly reduced. As a result, the pretreatment of the section with 1 M NaBF4 increased the specificity of Con A-Fer method. The procedure employed was as follows; The sections were pretreated with I M NaBF4 for 30 min, and then with 0.1% BSA for 30 min. After washing, they were incubated with Con A-Fer conjugates(3opg/ml) for 1-24 hr. For comparison, the other sections were also reacted with Con A-HRP method in the following manner; They were pretreated with 0.1% BSA for 30 min and incubated with Con A (50ug/ml) for 60 min first, and then with HRP (20pg/ml) for 30 min. The peroxidase was revealed by diaminobenzidine. The two different methods gave essentially the same localization; Con A-binding sites were limited to the secretory granules in the gonadotropic cells, corticotropic cells, and thyrotropic cells, which contain glycoproteins. These methods were also applied to prolactin granules. With Con A-HRP method, the peripheral region of the prolactin granules showed a degree of densification imparted by reaction product. However, interpretation of the finding was complicated, because the granules originally contain some substance showing relatively high electron density at the periphery, even when the sections were observed before incubation. On the other hand, the application of the Con A-Fer method clearly revealed that the dense matrix at the periphery of the granules was composed of glycoconjugates which bind to Con A. From these results, we concluded that (1) the problem of nonspecific binding of Con A-Fer conjugates was solved by the pretreatment of the section with sodium borofluoride, (2) the Con A-Fer method has an advantage over the Con A-HRP method; it is possible to provide the precise localization and quantitative evaluation of the lectin binding sites, (3)this improved method gave new information on the localization of glycoconjugates in prolactin granules.
Changes in Lectin Binding Patterns of Developing Skin. K.Takata and H.Hirano. Department of Anatomy, Kyorin University School of Medicine, Mitaka o Tokyo 181, Japan Lectins have widely been used for the demonstration of sugar residues in various cells and tissues. In the present study, the lectin staining was applied to the developing skin and the usefulness of lectins in the study of the epidermal differentiation was evaluated.
Tarsometatarsal skin of the developing chick embryos of 13, 15, 17, 19-20 days of incubation was used. In some cases, a 13-day-old embryonic skin was cultured in BGJbthydrocortisone (10 -7 or 10 -8 M)fdimethyl sulfoxide (2%) for 4 days by the Millipore filter-roller tube method. The skin was fixed with Bouin's fixative and embedded in paraffin. 2 jim sections were cut and used for the lectin staining. Specimens were treated with 1% BSA . biotinyl lectins (Vector Lab., 25 ,ug/ml, for 30 min.) • washing -0 avidin-HRP (Vector Lab. 12.5 jig/ml, for 30 min.) i washing i DAB reaction. Lectins used were concanavalin A (Con A), wheat germ agglutinin (WGA), Ricinus communis agglutinin (RCA), peanut agglutinin (PNA), Dolichos biflorus agglutinin (DBA), soybean agglutinin (SBA), Ulex europeus I agglutinin (UEA I). Appropriate hapten sugars were used to confirm the specificity of each lectin staining.
Most cells in each stage of development were stained with Con A. WGA and RCA stained the margin of the cells and the cytoplasm. SBA specifically stained the cell margin of the differentiated epidermal cells. Such polarity of the staining with SBA was also observed with PNA. The lectin staining will be a useful tool in the study of the developmental process.
Distribution and Mobility of Lectin
Binding Sites in Normal and Neoplastic Transitional Epithelium of Rat Urinary Bladder. Masao Yokoyama. Department of Urology, Branch Hospital, Faculty of Medicine, The University of Tokyo, Tokyo Cell surface characteristics of normal and neoplastic urothelium were studied by using sugar specific lectins as molecular probes. Nbutyl-N-(4-hydroxybutyl) nitrosamine was used as a carcinogen. Con A and Ricinus communis agglutinin (RCA) were conjugated with ferritin for visualization by transmission and scanning electron microscopy. Bladder mucosa and dispersed urothelial cells in fixed and unfixed condition were reacted with the conjugates.
Luminal surface of the normal superficial cells was composed of concave plaques of asymmetric unit membrane and interposing microridges and had many RCA and few Con A binding sites. The conjugates were not internalized from the luminal surfaces. Dispersed superficial cells revealed that Con A binding sites were few on luminal cell surfaces and was abundant on basolateral ones. Neoplastic lesions showed appearance of microvilli of symmetric unit membrane and loss of plaque configuration accompanied by increased Con A and RCA binding sites. Lectin induced internalization was also discernible on luminal surface of neoplastic cells. The membrane polarity in terms of Con A binding sites as well as membrane rigidity were lost in the neoplastic cells.
In conclusion, the superficial cells of normal urothelium were the highly differentiated polarized cells with rigid luminal membranes and the neoplastic transformation was accompanied with alterations of surface morphology as well as membrane properties. Fluorescein isothiocyanate (FITC)-conjugated lectins have been used in our laboratory with fluorescence microscopy to study the mucus glycoproteins of the human colon. Lectins specific for four of the five carbohydrate residues found in 0-glycosidic (mucin-type) oligosaccharide chains are readily available as probes of mucin structure. Lectins bind specifically to carbohydrate structures, primarily to the exposed, often terminal, residues in glycoconjugates. Heterogeneity of the side chains among colonic mucins is reflected in the patterns of FITC-lectin binding.
In the normal human colon, the carbohydrate structure of mucin appears to be independent of the host's blood group type. The mucin from well-differentiated goblet cells is avidly labeled by lectins with a high affinity for terminal N-acetylgalactosamine (GaINAc) residues. Compared to the upper part, at the base of the crypt of Lieberkuhn there is a reduction in binding by lectins specific for GaINAc, and an increase in binding by lectins with affinity for terminal galactose (Gal) residues. Thus, it appears that the state of goblet cell differentiation is reflected in the oligosaccharide side chains of the mucin molecule.
A lectin derived from the peanut binds avidly to the disaccharide structure: Gal 13 Ga1NAc. This carbohydrate sequence is sometimes present as the first two sugars in the core region of a longer mucin-type side chain. Peanut lectin does not bind to the mucin in the normal human colon, but binds avidly to the mucin present in colonic cancer and to the goblet cell mucin in "transitional mucosa", which is immediately adjacent to the malignant tissue. Peanut lectin also binds to goblet cell glycoconjugatea in second trimester human fetal colons, suggesting that this lectin identifies an "onco-fetal" mucin structure. FITC-lectins have been used to examine goblet cell mucin in colonic polyps. Peanut lectin binds to the mucin in some of the glands within adenomatous polyps. A greater percentage of glands is labeled in adenomatous polyps which are larger than 7mm in diameter, in villoglandular polyps, and in adenomas which contain carcinoma-in-situ. This indicates that the "cancer-associated" or "onco-fetal" mucin structure is found in premalignant epithelium and is expressed to a greater degree in those polyps with higher malignant potential. Paradoxically, most of the mucin in hyperplastic polyps, which are thought to have no malignant potential, is bound by peanut lectin.
Finally, alterations have been found in the binding of lectins to goblet cell glycoconjugates in rectal biopsies from patients with ulcerative colitis. Preliminary data suggest that these changes may predict later neoplastic developments.
